Introduction

Polymer-CNT nanocomposits
Carbon nanotubes (CNTs) have attracted significant scientific attention because of their remarkable mechanical properties and many potential applications (Balani et al., 2008; Vail et al., 2009 ). The tribological properties of CNTs as reinforcement agent in metal-based composite were studied by a few groups (Meng et al., 2009; Pei et al., 2008) . The results indicated that metal-CNT composite coating was better wear resistance and self-lubricity than the metal coating. Ni-carbon nanotubes composite coating has better wear resistance and self-lubricity than the Ni coating. The poor solubility characteristics of CNTs have hindered it as an additive to liquid lubricants (Decher, 1997) . If CNTs were dispersed in liquid lubricants by some physical or mechanical ways, CNTs still assembled and presented in the form of cluster. The soft chains of polymer molecules are reasonable to consider antiwear for its flexibilities, great interests have been aroused in the thin polymer films on solid surface for their application in lubrication. Meanwhile the existence of rigid rod-like segments in the films is expected to be beneficial to bearing applied loads. Recently some chemists have adopted chemistry method for the preparation of soluble carbon nanotubes containing polymer (Riggs et al., 2000; Shaffer & Koziol, 2002) . Attachment of surface polymer chain is expected to provide much more effective performance of nanocomposite materials, as dictated by the nature of the polymer. A lot of reports have described the attachment of short chains to CNTs to improve the performance of nanocomposite materials by esterification / amidation of surface acid groups like the preparation of poly(ethylene glycol)-carbon nanotubes (PEG-CNTs) described in the chapter (Chen et al., 1998; 
Experimental
Synthesis and microtribology of polymer-CNT nanocomposits
Synthesis PEG-CNT nanocomposites
Multi-wall CNTs were produced via the chemical vapor deposition method and purified using methods similar to those reported in the literatures (Hiura et al., 1995; Tsang et al., 1994) . For example, CNT samples (300 mg) were suspended in an aqueous solution of hydrofluoric acid (20 wt.%, 60 ml) to prolonged sonication for 5 h and filtrated. The remaining solids were washed repeatedly with distilled water. The CNT samples thus were refluxed with an aqueous solution of nitric acid (22 wt.%, 60 ml) for 10 h. The mixture was centrifuged, and the remaining solids were washed repeatedly with distilled water many times, until the pH value of CNT solution approached 7, and then dried in a vacuum oven to eliminate impurities. CNT sample was treated with HNO 3 solution to attach the carboxylic acid groups on the CNT surface, followed by treatment in thionyl chloride to convert the carboxylic acid into acyl chlorides. These functionalized CNTs can be grafted PEG by esterification.
Preparation of PVA-CNT copolymer
A typical preparation process of PVA-CNTs is as follows: the mixture of 10 ml of vinyl acetate, 50 ml distilled water, 100 mg sodium dodecylsulfate, 0.1 ml emulsifier OP-10 and 50 mg potassium persulfate (initiator) was charged into a 250 ml reaction flask. The mixture was emulsified by continuous stirring for 1.5 h at 65℃. The 100 mg purified CNTs and 50 mg potassium persulfate were then added to the emulsion system. The emulsion was sonicated by an ultrasonic cleaner for 30 min, stirred for 2.5 h and maintained at 65℃. After that the emulsion was filtered to remove insoluble particles. After that 100 ml 13 wt.% of sodium chloride aqueous solution was added to precipitate the polymeric product and then dried under vacuum at 50℃ in a constant weight. The product was dissolved in methanol and saponified. The fractions were repeated re-suspension in water and centrifugation at 5000 rpm to sediment PVA-CNT products and remove all of the free PVA that was stably soluble in water. These samples of PVA-CNTs are, forming stable suspension in water.
Synthesis of PAM-CNT copolymer
Acrylamide was distilled under reduced pressure and sealed for preservation at low temperature. Typical PAM-CNT copolymer was prepared by UV radiation initiated polymerization. The mixtures of 5 g acrylamide and 30 ml distilled water containing 50 mg CNTs were added into a 100 ml quartz reaction flask. After ultrasonic dispersing for 30 min and adding 10 ml UV initiator solution including 30 mg diphenylketone, 30 mg benzoin and 0.1 ml triethanolamine, the mixtures were radiated and stirred for 1.5 h at room temperature and under the protection of N 2 . The products were filtrated and dried in a vacuum oven at 50 ℃. Dried products were repeatedly extracted with water to obtain soluble fraction. The fraction was centrifuged at 5000 rpm to sediment the grafted CNT products. Repeated resuspension in water and centrifugation was used to remove all of the free PAM that was stably soluble in water. These samples of PAM-CNTs are, forming stable suspension in water.
Characterization of nanocomposites
The PEG-CNT and PAM-CNT copolymer were characterized using FT-IR (Bruker Equindx 55). For transmission electron microscope (TEM, JEM 100CX) observations, PVA-CNT samples were dispersed in water, then scooped up onto a holey carbon micro-grid. The purified PAM-CNT copolymer was also characterized by UV-visible spectrometer (SHIMADZU UV-2250 UV-VISIBLE SPECTRIPHO METER) and fluorescence spectrometer (SHIMADZU DATA RECORDER DR-3).
Tribological and microtribological test of nanocomposites by AFM and FFM
The tribological measurements were carried out by an MQ-800 four-ball tribotester at a rotational speed of 1450 rpm and at a temperature of 20℃. The maximum non-seizure load (PB value) was obtained by GB3142-82, similar to ASTMD2783; Wear scar diameter (WSD) was measured under a test duration of 30 min; The stainless steel balls used in the tests were made of GCR15(AISIE52100) bearing steel with the 64-66 surface HRC hardness and 0.012 μm of surface roughness Ra. At the end of each test, the average WSD on the three lower balls was determined using optical microscopy to an accuracy of 0.01 mm. Since triethandamine is widely used in the metalworking fluid as a multifunctional additive, 2 wt.% of triethandamine aqueous solution as the base stock. And another water-based fluid with certain load-carrying and anti-wear properties, 0.5 wt.% OPZ (a type of water-soluble zinc alkoxyphosphate) fluid was chosen as the based stock (Duan, 1999) . The different concentrations of PVA-CNTs prepared above were used as lubricant additive in the two kinds of base stock. WSD was measured for 30 min under a load of 200 N using the base stock without OPZ and 400 N using the base stock with OPZ respectively. The same concentration of the homopolymer reference additive was measured under the same condition.
The wear scar morphology was visualized with a JSM-35C scanning electron microscope (SEM) at a voltage of 25 kV. Specimens were wear scars on the steal balls in anti-wear tests which were performed at speed of 1450 rpm/min for 30 min, and were washed by alcohol and distilled water before inspection.
The Polymer-CNT aqueous solution (0.5 wt.%) was filtered through a 0.45 μm Teflon filter. Freshly cleaved micas were used as substrates. Thin films were obtained by spin casting (100 rpm, 1.5 min) the solution onto the mica substrates, and then dried in ambient temperature 2 days before used.
The measurements were performed with a Nanoscope a (Digital Instrument Inc.) equipped with a bioscopy G scanner (90μm) in contact mode and tapping mode. A commercial silicon cantilever (MikroMasch, Estonia, Russian) with triangular shape and force constant of K =0.12 N•m -1 were used. The images were obtained in air at 20 ℃ and relative humidity 50 % with 1 Hz scan rates.
Roughness images and root mean square (RMS) were obtained simultaneously when the scan angle was 0 o . Friction images in trace and retrace scan directions were recorded when the scan angle was 90 o . The applied load including the intrinsic adhesive force on thin films was calculated from set-point and "Force -Distance" curve .The applied load was changed and then the friction signals recorded, and so on, the friction-load figure was obtained (Li et al., 1999; Martínez-Martínez et al., 2009 ).
Fabrication and microtribology of diazoresin-nanoparticle self-assembly films
Preparation of PAA-CNTs
Acrylic acid (AA) was distilled under reduced pressure, dried with CaCl 2 overnight, and sealed for preservation at low temperature. Benzoyl peroxide (BPO) was recrystallized by chloroform. Other chemicals and solvent were used as received.
In a typical polymerization, 4 ml AA was dissolved in 25 ml 1, 4-dioxane, 60 mg BPO was added to the solution under stirring. After they have been deoxygenated by bubbling dry nitrogen gas for 10 min, the solution was heated to 85 ℃ and kept for 2.5 h under N 2 . The 10 mg purified CNTs and 30 mg BPO was then added to the solution. The solution was ultrasonic dispersed for 30 min and maintained at 85 ℃ for 14 h with stirring under protection of N 2 . The crude products dried in a vacuum oven were dissolved in 20 ml ethanol and precipitated by adding 200 ml petroleum ether, then filtered off. And the procedure was repeated twice. After the product was dried in a vacuum oven, a deep grey product was obtained. The products can be dissolved in polar solvents, such as water and methanol.
Preparation of PAA-TiO 2
Titanium dioxide (TiO 2 ) nanoparticles were prepared by tetrabutyl titanate hydrolysis as described in reference (Eremenko et al., 2001) . Nano TiO 2 solid particles was 2.0 wt.% in the hydrosol. For TEM (HITACHI H-500, with a voltage of 80 kV) observations, samples were dispersed in water solution, and then scooped up onto holey carbon micro-grids. The distributions of TiO 2 particles in the hydrosol were determined by a particle size distribution analyzer (LB-550, HORIBA Inc.).
Potassium persulfate (K 2 S 2 O 8 ) was recrystallized by water. In a typical polymerization process of PAA-TiO 2 , TiO 2 sol 2.50 g, acrylic acid 3 ml and deionized water 9 ml were mixed to make a solution under stirring and ultrasonic dispersing for 30 min. Then 6 mg K 2 S 2 O 8 was added under stirring. The solution was deoxygenated by bubbling dry nitrogen gas for 10 min, then heated to 85 centigrade and kept for 3 h with stirring under protection of N 2 (Chen et al., 2007; Liufu et al., 2005) .
Preparation of PAA-Fe(OH) 3
Fe(OH) 3 sol was prepared by hydrolysis as follows: Under strong stir, 50 ml deionized water was slowly dripped into 1 ml fresh prepared ferric chloride aqueous solution with the concentrate of 0.6 mol/l, then 0.5 ml acetic acid aqueous solution was also slowly dripped under the strong stir, after that, stirred the solution in boiling water bath for 1h.
In a typical polymerization process, Fe(OH) 3 sol 2.0 g prepared just now, acrylic acid 3 ml and deionized water 9 ml were mixed to make a solution under ultrasonic dispersing for 30 min. Then 6 mg K 2 S 2 O 8 with 9 ml deionized water were slowly dripped into the solution under stirring. The solution was deoxygenated by bubbling dry nitrogen gas for 10 min, then heated to 85 ℃ and kept for 3 h with stirring under protection of N 2 . PAA-Fe(OH) 3 was forming stable suspension in water.
Fabrication of self-assembly films
The diazoresin (Mn≈2500g/mol) aqueous solution 0.5 mg/ml was obtained from college of chemistry and molecular engineering, Peking University. PAA-nanoparticles was dissolved in the weak alkaline aqueous solutions (pH=8) with the concentrate of 0.5 mg/ml. Surfacenegatively charged quartz glass was used as the substrate. Quartz glass was first cleaned by immersed in the mixed hydrogen peroxide and concentrated sulphuric acid solution with the ratio of 3 to 7 for 24 hours and then rinsed in deionized water. Cleaned quartz glass was immersed in an aqueous solution of 0.5 mg/ml DR for 5 min, rinsed with deionized water and then dried under a stream of air. After totally dried, the quartz glass was dipped into an aqueous solution of 0.5 mg/ml PAA-CNTs for 5 min again, followed by rinsing and drying. This procedure was repeated five times to yield a 5-bilayer self-assembled ultrathin multilayer film. All stages of growth were carried out at room temperature in the dark. The fabricated films were irradiated with 200 W medium pressure mercury lamp at a distance of www.intechopen.com Scanning Probe Microscopy -Physical Property Characterization at Nanoscale 148 25 cm for 30 S. The self-assembly process was monitored after each fabrication cycle of the films by UV-vis spectra determinations (SHIMADZU UV-1700).
Study of diazoresin-nanoparticle self-assembly films by AFM and FFM
A commercial atomic force microscopy (SPA400, SEIKO Co.) with Si 3 N 4 cantilever was used to conduct studies of surface morphology of the thin film. The surfaces of the films were studied by the AFM with tapping mode. The images were obtained in air at 25 ℃ and the relative humidity 60 %.
Friction images in trace and retrace scan directions were recorded when the scan angle was 90 o . The applied load was changed and then the friction signals recorded to study the microscopic friction of the films with different layers.
Results and discussion
Characterization of the PEG-CNTs
In order to obtain the evidence of the bond conversion of CNTs, the FTIR spectra are shown in Fig.1 . We can see the new peaks at 846 and 950 cm -1 (stretching vibration of the acyl chlorides group) after the reaction from CNTs-COOH to PEG-CNTs. The absorption at 1720 cm -1 , which is assigned to the carboxylic ester groups, increases contrasting with CNTs-COOH due to the conversion of the acyl chlorides to ester. The reaction between PEG and CNTs can be schematically represented as shown in scheme 1. (Jia et al., 1999) . It might be proposed that CNTs had been broken in the process of the reaction, because at these points structure consists of carbon atom pentagons, which is not as stable as a hexagon structure of carbon atoms. So it may be assumed that some C-C bonds at these points in CNTs can be more easily broken than other bonds, and then linked and wrapped by polymer.
Characterization of the PAM-CNT copolymer
To obtain the evidence of the bonding between the CNTs and the PAM, the PAM-CNT copolymer was characterized by FTIR, UV-visible absorbance spectra, fluorescence spectra and TEM.
FTIR spectra of the PAM-CNTs are shown in Fig.3 . There is a peak at 1650 cm -1 (Fig 3b) , which is attributed to the stretching vibration of the -CONH 2 group. In the spectra of CNTs in Fig3a, peaks at 1500-1700 and 3500 cm -1 are attributed to C=O and -OH functional groups from the acid treatment. The absorbencies of PAM-CNTs and PAM in the region of 1000 and 1500 cm -1 are different. The formation of these peaks may be proposed that deflections had occurred to the C-C bond (at about 1000 cm -1 ) and the >C=O (at about 1500 cm -1 ) on PAMCNTs due to the existence of a chemical bond between the PAM and CNTs. The UV-visible absorption spectra and the fluorescence spectra for PAM-CNTs prepared above and PAM were measured (Fig.4) . The peak at 195 nm split into two peaks on the UV-visible spectra of the PAM-CNTs. When the PAM-CNTs are excited at 347 nm, it emits fluorescence with a peak maximum at 430 nm, and increases in intensity in copolymer, but the fluorescence www.intechopen.com (El-Hami & Matsushige, 2003) . CNTs are long, slender fullerenes where the walls of the tubes are hexagonal carbon (graphite structure) and often capped at each end. Mechanistically, the luminescence from CNTs was explained in terms of two possibilities: the existence of extensive conjugated electronic structures and the excitation energy trapping associated with defects in the nanotubes (Riggs et al., 2003) . The solubilization of CNTs via linking PAM might contain extended π-electronic structures that are isolated as a result of nanotubes surface modification. It may be supposed that the bonds in CNTs were opened in the reaction, and CNTs can be linked with PAM by their opened π-bonds too. 
Effect of the PEG-CNT
The PB value represents the load-carrying capacity of the lubricant. The PB values of the two kinds of base stock described above containing different concentrations of PEG-CNTs are shown in Fig.6 . With the increasing of the PEG-CNTs in the fluid, the load carrying capacity of the fluid is increased to a concentration of 0.5 wt.%, and then decreased. The WSD represents the anti-wear capacity of the lubricant. It is seen that the addition of the PEGCNTs can decrease the WSD of the base stock. When the PEG-CNT content reach 0.5 wt.%, the WSD is minimum to 0.68 mm and the PB is maximum to 340 N. As a result, the obvious effects of PEG-CNTs added in the water base fluid are discovered. This infers that PEGCNTs have pretty good load carrying and anti-wear performance in water fluid and its properties of lubrication is not proportional to its content. Since a higher concentration of PEG-CNTs makes the solution less mechanically stable, the decrease at 0.8 wt.% of PEG-CNT concentration could properly be due to the part of the PEG-CNT sediment in the tribological experiment at 1450 rpm rotating speed. The dependence of WSD on load is shown in Fig.7 . Under testing loads, the WSDs of the two kinds of base stock with 0.5 wt.% PEG-CNTs are smaller than those with 0.5 wt.% PEG, especially, at the load of 400 N, the difference in WSD between the PEG-CNTs and PEG is larger, which may be attributed to the lower load-carrying capacity of the PEG. At same time it means that the presence of CNTs can strengthen the wear resistance of the water base stock.
Dependence of WSD on rubbing time is shown in Fig.7 . At the testing time, the WSD of the two kinds of base stock with 0.5 wt.% PEG-CNTs is smaller than that with 0.5 wt.% PEG. Especial after 15 min friction, the difference in WSD becomes larger, which indicates further that the presence of CNTs can strengthen the anti-wear performance of the base stock. In order to further study the effect of CNTs on wear and also to disclose the lubricating mechanism of CNTs, the worn surface in four-ball machine testing, which was obtained under a load of 200 N and a testing time of 30 min, was observed by optical microscopy. The wear scars of the base stock with 0.5 wt.% PEG-CNT nanocomposites and that with 0.5 wt.% PEG are shown in Fig. 8 . They indicate that the wear scar obtained with the CNT nanocomposites additive is obviously smaller and exhibits mild scratches. Compared with the worn surfaces, it can be seen that the nanocomposite PEG-CNTs is relatively smoother than PEG. In other words, the PEG-CNT nanocomposites can improve microcosmic wear condition, Lei et al. have observed similar phenomenon in their fullerene-styrene sulfuric acid nanocomposite system (Lei et al., 2002) . It is supposed that CNTs penetrate into the interface during friction process, and they have the possibility to cause microcosmic rolling effect between two rubbing surfaces as nanometer tiny tube. So the anti-wear abilities of the base fluid can be improved. Since CNTs have very high load-carrying capacity and the CNT nanocomposites is nanometer tiny structure, which can penetrate into rubbing surfaces and deposit there, it is reasonable to speculate that the polymer-CNTs maybe more effective than its corresponding homopolymer to support and isolate two relative motion surfaces, and therefore, the anti-wear performance of the base stock was improved.
www.intechopen.com To study surface morphology and microtribological properties of thin film on a micro nanoscale, AFM/FFM is considered an excellent tool (Theoclitou et al., 1998) . The surface roughnesses of PEG and PEG-CNT thin films on mica were visualized using AFM in tapping mode, shown in Fig.9 . The data of RMS of PEG and PEG-CNTs are 2.244 and 12.865 nm respectively. The RMS revealed the both films are flat. The CNTs are dispersed well in the thin film and no apparent aggregation can be seen in the figures. Islands with diameter of 80-150 nm (Fig.10b ) are distributed uniformly. And then it is observable that PEG film is rather flat and uniform compared to the PEG-CNT nanocomposite film. We presume that the intrinsic molecular chains are locally disordered in the CNTs-containing nanocomposites, and the existence of interpenetrating structure between the polymer phase and CNT phase.
We assume that the soft PEG chains as a matrix have reasonable anti-wear properties. Meanwhile the existence of rod and rigid segments of CNTs dispersed in thin film is expected to be beneficial for bearing the applied loads. The investigation of the relation between friction force and load could help the interpretation of AFM/FFM images at the molecular level. Fig.10 shows the overlap of two different friction forces versus load curves obtained from PEG-CNT and PEG films respectively. It is observed that both films exhibit stable and lower friction force signals below the 100 nN load due to polymer soft chains and flat surface. However, after load of 120 nN, the difference in friction force signals between the two films is larger, which may be attributed to the lower load carrying capacity of the PEG. The slopes of linear fit of PEG-CNTs and PEG in the friction signals versus load are 1.23 and 2.03 respectively, which represents the friction coefficient of the films. The friction coefficient decreased significantly as the CNTs addition. Obviously, the PEG-CNT nanocomposite film is better in bearing load and anti-wear than that of PEG film. The stability of the film can be attributed to the additional load-bearing ability afforded by CNTs chemically bonded on the nanocomposite chains.
The microtribological properties of the PEG-CNT films measured here are consistent with our perspective of CNTs-containing nanocomposites as potentially solid lubricant films, and that should encourage the idea that polymer-CNT films can be lower in friction and wear at the micro-scale.
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Effect of the PVA-CNT
The PB values of the two kinds of base stock described above containing different concentrations of PVA-CNTs are shown in Fig.11a . With the increasing of the PVA-CNTs in the fluid, the load carrying capacity of the fluid is increased to a concentration of 0.25 wt.%, and then decreased. The WSD represents the anti-wear capacity of the lubricant. The WSD data are given in Fig.11b . It is seen that the addition of the PVA-CNTs can decrease the WSD of the base stock. When the PVA-CNT content reach 0.25 wt.%, the WSD is minimum to 0.379 mm and the PB is maximum to 610 N. As a result, the obvious effects of PVA-CNTs added in the water base fluid are discovered. This infers that PVA-CNTs have pretty good load carrying and anti-wear performance in water fluid and its properties of lubrication is not proportional to its content. The dependence of WSD on load is shown in Fig.12 . Under testing loads, the WSD of the two kinds of base stock with 0.25 wt.% PVA-CNTs are smaller than those with 0.25 wt.% PVA, especially, at the load of 400 N, the difference in WSD between the PVA-CNTs and PVA is larger. It means that the presence of CNTs can strengthen the wear resistance of the water base stock.
Dependence of WSD on friction time is shown in Fig.13 . At the testing time, the WSD of the two kinds of base stock with 0.25 wt.% PVA-CNTs is smaller than that with 0.25 wt.% PVA. Especial after 15 min friction, the difference in WSD becomes larger, which indicates further that the presence of CNTs can strengthen the anti-wear performance of the base stock.
The worn surface of the base stock with 0.25 wt.% PVA-CNT copolymer and that with 0.25 wt.% PVA are shown in Fig.14 and 15 , respectively. They indicat that the wear scar obtained with the CNT copolymer additive is obviously smaller and exhibits mild scratches. Compared with the corresponding partly enlarged micrographs of the worn surfaces, it can be seen from Fig.15 (b) that the worn surface of the copolymer PVA-CNTs is relatively smoother than that in Fig.14 (b) . In other words, the PVA-CNT copolymer can improve microcosmic wear condition.
www.intechopen.com The friction signals of PVA-CNT and PVA films could be measured at different applied loads for the same area in the FFM map. Fig.17 shows the overlap of two different friction signals versus load curves obtained from PVA-CNT and PVA films respectively. It is observed that both films exhibit stable and lower friction signals below the 110 nN load due to polymer soft chains and flat surface. However, after load of 130 nN, the difference in friction signals between the two films is larger, which may be attributed to the lower load carrying capacity of the PVA. The slopes of linear fit of PVA-CNTs and PVA in the friction signals versus load are 1.18 and 1.82 respectively, which represents the friction coefficient of the films. The friction coefficient decreased significantly as the CNTs addition. Obviously, the PVA-CNT film is better in bearing load and anti-wear than that of PVA.
Effect of the PAM-CNT
The surface roughnesses of PAM, PAM-CNT and PAM/CNT composites thin films on micas were visualized by AFM in tapping mode, shown in Fig.18 . The data of RMS of PAM, PAM-CNTs and PAM/CNTs are 1.10, 2.18 and 12.44 nm respectively. The RMS revealed the PAM and PAM-CNT films are flat. The CNTs are dispersed uniform in PAM-CNT thin film and no apparent aggregation can be seen in the figures. And then the PAM film has a more flat and closely surface. In the films of physical blending samples of PAM/CNTs there are typical two separate phases and uneven surface. It also indicates that CNT surface modification disperses nanotubes uniform in polymer matrix, on the contrary, CNTs aggregation easily appears in the physical blending samples.
We assume that the soft PAM chains as a matrix have reasonable anti-wear properties. Meanwhile the existence of rigid rod-like segments of CNTs dispersed in thin films is expected to be beneficial to bearing the applied loads.
The friction signals of the blending samples films were unstable because of its uneven surface. So it was difficult to measure the microtribological properties of the films, which were coincident with their morphologies. The friction signals of PAM-CNT and PAM films could be measured at different applied loads for the same area in the FFM map. Fig.19 shows the overlap of two different friction signals versus load curves obtained from PAM-CNT and PAM films respectively. It is observed that both films exhibit stable and lower friction signals below the 130 nN load due to polymer soft chains and flat surface. However, after load of 140 nN, the difference in friction signals between the two films is larger, which may be attributed to the lower load carrying capacity of the PAM. The slopes of linear fit of PAM-CNTs and PAM in the friction signals versus load are 1.21 and 3.52 respectively, which represents the friction coefficient of the films. The friction coefficient decreased significantly as the CNTs addition. Obviously, the PAM-CNT film is better in bearing load and anti-wear than that of PAM. The stability of the film can be attributed to the additional load-bearing ability afforded by CNTs chemically bonded on the copolymer chains. 
Mechanism of diazoresin-nanoparticle self-assembly films
As a cationic polyelectrolyte, DR can be easily deposited on the quartz glass surface. Then PAA-CNT deposits on the DR layer to form a DR and PAA-CNT bilayer on both sides of the quartz glass in each fabrication cycle. The absorbance of DR on quartz glass after each cyclic deposition was recorded via a UV-vis scanning spectrometer to monitor the self-assembly process (Fig. 20) . The peak at 383 nm is assigned to the absorption of the diazonium group of DR and increase linearly with increasing bilayer number. It can be seen that the absorbance increases by ca. 0.03 every two bilayers indicating smooth step-by-step deposition. The five bilayers film was then irradiated with UV light and the resulting absorbance determined. The UV-vis spectra before and after irradiation and decomposition of the diazonium groups of the films are shown in Fig. 21 , respectively. The absorbance at 383 nm (diazonium group absorption) decreased with irradiation, which indicates that the ionic bonds of DR and PAA-CNTs convert partially to ester bonds. The diazonium group of the DR and PAA-CNT film decomposes easily under UV irradiation because it is sensitive towards UV light. Before irradiation, the multilayer film is formed via electrostatic attraction www.intechopen.com between the diazonium groups and carboxyl groups. Under UV irradiation, the diazonium group decomposes leading to phenyl cations, which combine with the carboxyl groups and produce covalent linkages. The conversion of the ionic bonds to covalent bonds is shown in scheme 2. This was confirmed by the FTIR studies elsewhere (Luo et al., 2001 ). Under UV irradiation the films consisting of both cationic and anionic groups exhibit an extremely high tendency to aggregate by the ionic attractive force. The conversion of ionic bonds into covalent bonds makes the multilayer self-assembled films more stably packed. This is schematically represented in Scheme 3. The unirradiated films keep the original ionic structure and are much more unstable in polar solvents, such as dimethylformamide (DMF), and can be washed away. However, the irradiated films do not dissolve in DMF because of formation of the covalently crosslinked structure. The results show that the stability of the films towards polar solvents increases significantly after UV irradiation. Scheme 3. Schematic diagram of the conversion of the linkage bonds from ionic to covalent in multilayer films of PAA-CNTs/DR after irradiation Product of the TiO 2 sol was prepared by tetrabutyl titanate hydrolysis in acidic medium. TiO 2 particles were uniform and their sizes were about 50-70nm in Fig. 22 . These sizes were consistent with the results of the particle size distribution analyzer (Fig. 23) , and had the average diameters of 64 nm. PAA-TiO 2 and DR deposit on both sides of the quartz glass in each fabrication cycle. The absorbance of DR on quartz glass after each cyclic deposition was recorded via a UV-vis scanning spectrometer to monitor the self-assembly process (Fig. 24) . It can be seen that the absorbance increases by ca. 0.03 every two bilayers indicating smooth step-by-step deposition.
www.intechopen.com DR as a cationic polyelectrolyte, and PAA-Fe(OH) 3 solution as an anion polyelectrolyte deposits on the quartz glass in turn to form DR and PAA-Fe(OH) 3 bilayer films through electrostatic attraction. The absorbance of DR on the quartz glass after each cyclic deposition was recorded via a UV-vis scanning spectrometer to monitor the self-assembly process (Fig.  25) . It can be seen that the peak at 383 nm which is assigned to the absorption of the diazonium group of DR increases linearly by ca. 0.06 every two bilayers. The linear relationship indicates smooth step-by-step deposition. (diazonium group absorption) decreased with irradiation, which indicates that the ionic bonds of DR and PAA-Nanoparticle converted partially to ester bonds.
Study of diazoresin-nanoparticle self-assembly films by AFM
To study surface morphology of thin films on a micro nano-scals, atomic force microscopy (AFM) is considered as an excellent tool (Sriram et al., 2009 ). The surface roughnesses of one layer DR film, five bilayers films of PAA-CNTs/DR and PAA-TiO 2 /DR on micas were visualized using AFM in tapping mode, as shown in Fig. 27 (a), (b) and (c). The images reveal that the films are rather flat and uniform through the step-by-step technique. The CNTs and the particles of TiO 2 are dispersed well in the thin film and no apparent aggregation can be seen in Fig. 27 . AFM images with difference numbers of bilayer of PAA-Fe(OH) 3 /DR self-assembly films (Fig.28) show surface morphology on micro-scales. The data of surface roughness of 1, 3 and 5 bilayer are 3.82, 5.47 and 8.73nm respectively. The images reveal that the films are rather flat and uniform through the step-by-step technique. The particles of Fe(OH) 3 are dispersed well in the thin film and no apparent aggregation can be seen.
The investigation of the relation between friction signals and load could help the interpretation of AFM/FFM images at the molecular level. A typical approach to characterize the friction properties of thin films is to investigate the friction force in the trace-retrace friction image. Fig.29 shows the friction coefficients of different number of bilayers were rather low which nearly equals to value of mica (0.0471). It is observed that the films exhibit stable and low friction signals due to polymer soft chains and flat surface. The stability of the films can be attributed to the additional load-bearing ability afforded by nanoparticles in the polymer composites. Therefore, the microtribological properties of PAA-Fe(OH) 3 /DR self-assembly films measured here are consistent with our perspective of nanoparticles-containing polymer as potentially solid lubricant films. 
Conclusion
We have succeeded in fabricated polymer-CNT nanocomposites. As a lubricant additive in water-based fluid, it can improve the wear resistance, load-carrying capacity and anti-wear ability of base stock. And then the lubrication mechanism of polymer-CNTs was deduced. The spin-casting nanocomposite thin films on mica were characterized using AFM and their height profiles were obtained. The films surface morphology is relatively flat. The difference of friction force on applied tiny load between polymer-CNT and polymer thin films are noted and discussed in terms of the role CNT segments. This supports the prediction that the load-bearing property of CNTs-containing nanocomposites thin films is enhanced.
We have succeeded in preparing PAA-nanoparticle polyelectrolytes. The multilayer thin films were fabricated on quartz glass with diazoresin as cationic polyelectrolyte and PAAnanoparticle as anionic polyelectrolyte via the self-assembly technique, and then verified by UV-vis spectrum. The analysis of the surfaces of the self-assembly films indicate that the films are relatively flat, uniform and low friction signals. Scanning probe microscopy (SPM) is one of the key enabling tools for the advancement for nanotechnology with applications in many interdisciplinary research areas. This book presents selected original research works on the application of scanning probe microscopy techniques for the characterization of physical properties of different materials at the nanoscale. The topics in the book range from surface morphology analysis of thin film structures, oxide thin layers and superconducting structures, novel scanning probe microscopy techniques for characterization of mechanical and electrical properties, evaluation of mechanical and tribological properties of hybrid coatings and thin films. The variety of topics chosen for the book underlines the strong interdisciplinary nature of the research work in the field of scanning probe microscopy.
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